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With the use of systems for determining the orientation based on the functioning of a magnetic sensor integrated into the onboard platform of a spacecraft, it is proposed to obtain these vectors of the Earth's magnetic field strength.
To test the operation of the designed control systems for spacecraft orientation, testing is conducted in laboratory conditions using various stands, simulators with which the conditions of outer space are simulated.
For this purpose, it is supposed in the laboratory conditions to create the imitation conditions of the geomagnetic field as much as it affects the onboard equipment and components of the satellite and the adequate functionality of the control algorithms for control and orientation of the spacecraft.
There is a need to test and verify the developed algorithms for controlling a satellite with a magnetic orientation system in simulated conditions before it is put into orbit in order to minimize the risk of fail-safety of space borne space vehicles. For this goal in this paper, we are traditional Helmholtz coils design. One device capable of generating a uniform magnetic field is the Helmholtz coil [1] . The Helmholtz coil is named after Hermann von Helmholtz (1821-1894), a German scientist and philosopher known for his contributions to electrodynamics, mathematics, and meteorology among many other sciences [1] .
The system of solenoid coils or Helmholtz coils [2] [3] [4] is often used for generating homogeneous field and calibration magnetic fields sensors. General analysis of the magnetic field in Helmholtz coils and has been presented in [4] [5] [6] [7] . However, it is noticed that the homogeneous region of magnetic field in As shown in Fig. 1 , a Helmholtz coil consists of a pair of coils parallel to each other where each coil consists of number N wrappings. A magnetic field B results when charge is in motion, i.e. as current I passes through the coil pair.
II. THEORETICAL DESCRIPTION The Helmholtz coils illustrated in Fig.1 consist of two circular or square coils of the radius R or diameter D, arranged at a distance R or D from each other. The coils with current source are generating a homogeneous field [8] . According of the law of Bio-Savart-Laplace, the resulting of homogeneous field of two coils is equal to the vector sum of the fields generating by one coil.
The homogeneous field by one coil can be calculating according to (1) :
where: Axial field of two coils can be calculated by formula:
For calculating of Helmholtz, coils take the following form:
Consider the successive derivatives of for estimate the homogeneity of the field in center of the coil system. A higher order of the first non-zero derivative at this point provides better homogeneity of the field in its vicinity [2] . Equation (3) can be expanded in a Taylor series in the variable z near zero:
Since the coils according to the Fig.1 are located at a distance of the radius from each other, the second derivative in the central system becomes zero. Then the change in the field ΔB when moving from the point z = 0 is given by (5) and has a fourth order of smallness:
To determine the magnetic field according to the geometric center (z=0) of the coils is determined by the following expression:
III. THE DESIGN AND SIMULATING OF HELMHOLTZ COILS
The all of the design and simulating of coils was done in COMSOL Multiphysics software showed in Fig. 2 . The simulating of the magnetic field produced by using module mf as only it allows you to use the section Multi-Turn Coil Domain for simulating this coil in 3D.
The grid size of coils was set 0.02m. The grid size of outer sphere was chosen Coarse
The two coils have a closed geometry with a circular crosssection perpendicular to the z-axis.
In addition, type of coil was choose of Circular type. The direction of the current in the coils corresponds to the geometric form of the coils, that is, along a circle in one direction in each of the coils in the direction of which our magnetic field is generated.
The Fig.3, 4 shows the generating finite element mesh. After designing the Helmholtz coils in this program, we simulated our homogeneous field in the region of these coils.
The results showed the propagation and direction of the magnetic field vectors in the region of the generated field.
The simulation results of coils at a current power of 0.25 mA for the axial direction are showed in the Fig.5 . As you can see in the Fig.6 , the generated uniform field is concentrated in the central regions of the coils. The genetically determined field is measured in Tesla. The orientation of the vectors of the strengths of the generated uniform magnetic field is also illustrated in the Fig.7 . 2 )
To simulate the magnetic field, a system of three pairs of square coils arranged usually perpendicular to one another (the Helmholtz cage) is used.
The sides of the squares of the coils are 2 m, 1,9 m, 1,8 m. When a current flows through the coils in the region inside the cell, a uniform magnetic field is created, the direction and magnitude of which depend on the strength and direction of the current in the coils.
Below this a description to design a 3 D model of cage we used SolidWorks software of the stand with the corresponding notation for the coils along the X-green, Y-red, Z-blue axes showed in Fig.10 . The all of the design and simulating of coils was done in COMSOL Multiphysics software.
For our goals, we designed each pair of coils separately showed in Fig.11 .
Copyright © BAJECE ISSN: 2147-284X http://www.bajece.com The geometry of square coils showed in Fig.12 . In COMSOL Multiphysics, the AC/DC mf ('magnetic field') toolbox was used to simulate multi-turn coils with AWG12 wire (American Wire Gauge, Brown&Sharpe), which we also used to construct the coil later on. The coils have a closed geometry with a circular cross section and each wire is insulated.
Around the coils, we created a sphere of air with a diameter of 6 meters and an infinite sphere around the air sphere with 1-meter thickness (see Fig.12 ). The direction of current flow was specified by manually selecting a cross-sectional area of each coil, using the numeric coil type.
We used 1 A input current for the coils, which are connected in series. After designing the Helmholtz coils in this program, we simulated our homogeneous field in the region of these coils.
The simulation results of coils at a current power of 0.5 A for the axial direction are showed in the Fig. 15 . The orientation of the vectors of the strengths of the generated uniform magnetic field is also illustrated in the With models of circular coils, their geometric characteristics were modelled, 3D models of coils, models of the homogeneity of the magnetic field, and visualization of the direction of the stress vectors.
Based on these calculations given in this paper, it is entirely possible to create larger circular coils to create a stronger uniform magnetic field.
For designing Helmholtz coils of square type, theoretical and analytical models were analyzed, their geometric characteristics, 3D models of coils and visualization of the homogeneity of the magnetic field in these coils were modelled.
In future works, it is planned to correct the results in the design of the Helmholtz coils of square type. Recalculations of geometric characteristics, created homogeneity of the magnetic field, visualization of the orientation of the tension vectors in these coils will be done to realize a real model of these types of coils in assembly form.
It is also planned to use methods of amplification of a homogeneous magnetic field, taking into account the complexity of implementing their design as for a circular or square type, or in the arrangement of these two types of coils.
It is also possible to analyze the Helmholtz coils between existing coils, in order to compare the generated uniform magnetic field.
In addition, carrying out a comparative analysis of their geometric characteristics and reliability for creating real models.
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